Highly pathogenic avian influenza (AI) disease has occurred in many countries globally adversely affecting domestic poultry production. Ghana recorded her first outbreak of a highly pathogenic avian influenza (HPAI) in 2007 on a small scale commercial farm in Tema. Since then, there have been numerous outbreaks. The source of these outbreaks is not conclusive. The role of wild birds in the epidemiology of avian influenza outbreaks in Ghana is not known. This study sought to investigate the role of wild birds in the outbreaks of Highly Pathogenic Avian Influenza (HPAI H5N1) in Ghana, particularly in Southern Ghana. Wild birds were trapped and sampled through mist netting. The faecal and tracheal samples were analysed using a One-Step Real Time Reverse Transcription Polymerase Chain reaction (RT-PCR) with primer sets targeting the matrix protein gene of the Avian influenza virus. Sera samples were subjected to multispecies competitive Enzyme Linked Immunosorbent Assay (ELISA) for anti-AI virus antibodies. Three hundred and twenty two (322) wild birds were trapped and sampled. Birds sampled included 87.3 % (281/322) resident birds and 12.7 % (41/322) migratory birds. The migratory birds included intra-African migrants 12.2 % (5/41) and Palearctic migrants 87.8 % (36/41). Avian influenza virus and antibody were neither detected in these swabs nor sera samples, respectively. The study documented the absence of AI in resident and migrant wild birds in the study area and suggest that wild birds may not be responsible for the outbreaks of AI in the poultry. However, sustained surveillance is recommended to ascertain a nationwide successful prevention and control strategy to stay the tide of any future intruding AI outbreaks.
INTRODUCTION
Globally, wild birds play an important role in the ecosystem such as, forest regeneration through plant pollination and seed dispersal and provide ecotourism [15] . Wild birds are natural reservoirs for avian influenza (AI) viruses and play a major role in the evolution, maintenance, and spread of AI viruses [2, 14] . They host a wide diversity of subtypes, and provide a dynamic population for viral evolution and transmission to domestic flocks and mammals (12) . Wild birds such as migratory birds have been implicated in the transmission of highly pathogenic avian influenza (bird flu), West Nile virus and so many others [16] . Studies have shown that low pathogenic avian influenza virus has been detected in waterfowl and shorebirds species [7] and highly pathogenic avian influenza virus has been detected in wild birds, especially ducks [9] . Varied strains of avian influenza virus have been detected in many countries, H5N8 in wild ducks in Netherlands [9] , H5N1 was detected in wild bird in Bavaria [10] , H5N8 has been confirmed in Nigeria [18] .
Surveillance for diseases including AI in wild birds is sporadic, geographically biased, and often limited to the last outbreak virus. Ghana reported several outbreaks of highly pathogenic avian influenza (HPAI H5N1) in the southern and middle belts of the country. The first outbreak of AI (H5N1) was in 2007 on a small scale commercial poultry. Several outbreaks have occurred in Ghana after the first outbreak. There have been outbreaks of HPAI H5N1 in 2015 [5] and H9N2 subtype reported in poultry in Ghana in 2019 [1] . The outbreaks affected the poultry industry as about 40,000 birds were culled. Other economic loss to Ghana include the cost in compensation to the affected farmers, disease control, capacity building in diagnosis and surveillance [5] . The source of these outbreaks is not conclusive. Many projections to the source of outbreaks have been made. Wild birds have been implicated, however, the role of wild birds in the epidemiology of avian influenza outbreaks is not known in Ghana. More so, the source of the first outbreak is still not clear [16] .
The aim of this study was to investigate the role of wild birds in the outbreaks of Highly Pathogenic Avian Influenza (HPAI H5N1) in Ghana, particularly in Southern Ghana.
MATERIALS AND METHODS

Study Area
The study locations were selected based on previous AI outbreaks in Ghana in Southern Ghana ( Fig. 1 ) which in- 
Wild bird trapping and sample collection in the field
Mist net trapping was done in the early hours of the nights and mornings targeting the peak period of the wild bird activities. These ready opened trap nets were visited and inspected regularly at intervals of 30 minutes, to check for captures. Captured birds were immediately removed to avoid struggles and injuries. Birds were kept in cotton bird bags in a shady field camp until sampled. They were restrained by trained assistants using the ringer hold's method [3] . Whole blood (0.5 ml) from the jugular vein or wing vein [6] , as well as cloacal and tracheal swabs were Swabs from the field were immediately placed in a thermos flask containing ice packs and transported to the Accra Veterinary Laboratory. The swabs and sera samples were stored at -18 °C [17] at the Accra Veterinary Laboratory until use. The sera were harvested into a clean plain tube, covered and labelled appropriately.
Sample analyses
Real time RT-PCR and multispecies competitive Enzyme Linked Immunosorbent Assay (ELISA) were employed in this study. (Table 1) with thermocycler conditions (as in Table 2 ) and described by L o r e n z et al. [11] .
Molecular detection
Serology Test
The presence of antibodies against the nucleoproteins and matrix proteins of avian influenza virus were determined by ELISA Test using the Flocktype AIV Ab ELISA kit (Lot No: 254111033) produced by Qiagen (Germany).
Ethical Clearance
The work was undertaken as part of government official veterinary surveillance during the AI outbreak. The first author was the Government Wildlife Veterinarian of Wildlife Division of the Forestry Commission of Ghana and has 
Fig. 2. Locational distribution of wild birds in previous Avian Influenza outbreak sites in Ghana
RESULTS
Descriptive characteristics of wild birds
The classification of birds by location, migratory status and the bird species sampled are presented in Figures 2, 3 and 4, respectively. The majority (45 % (145/322)) of the wild birds in this study were quarantined birds from the eastern region of Ghana (Fig. 2) . These birds were legally collected by Wildlife export facilities for export (Wildlife business Palearctic migrants (Fig. 3) . We trapped and sampled 8 migratory species overwintering in Ghana (Fig. 4) .
Reverse Transcription Polymerase Chain Reaction
The M-gene was amplified from the positive control tested by PikoRT-PCR. Detectable levels of M-gene were recorded at 28.31 cycles. The maximum amplification was recorded at 2400 relative fluorescence units (RFU). Three hundred and eighteen (318) sera were collected for testing. No antibody was detected in all sera (Table 3) .
DISCUSSION
Studies reported in other African countries and Europe support the hypothesis that wild birds are carriers of avian influenza viruses and play a role in the epidemiology of avian influenza viruses [2, 14] . This is not evident in this study given the time frame and wild bird species that were sampled. Also, given the fact that 12 % of the wild birds in this study are palearctic migrants, there was no evidence of avian influenza virus as well as antibodies to signify exposure.
The failure to detect AI virus and the absence of the AI antibodies may be a true picture of AI in wild birds in Ghana in the absence of other factors such as diagnostic failure probably because of lack of validation of the method for wildlife samples to eliminate false negative results or poor collection and/or handling of samples on the field or during storage prior to sample analysis.
There were no detectable antibodies in the sera of the birds ( Table 3 ). The serological prevalence values of the samples were below 0.3. Thus, these wild bird species may not have been exposed to avian influenza virus and neither the HPAI H5N1 virus.
Influenza Type A M-gene was amplified from the positive control and none was amplified from the negative control. This indicated that the primers and probes for detect- as similarly documented by F e n t e n g et al. [4] . The outcome of this work is also not surprising because it is also consistent with the report of the absence of H5N1 in wild birds in Europe [13] .
CONCLUSIONS
There was no evidence of Avian Influenza virus or any antibodies in all of the wild birds sampled from areas where AI previously occurred in Ghana. The continued AI surveillance in all seasons nationwide is needed in order to be able to establish the status and/or role of wild birds in relation to AI transmission so as to aid the prevention and control of AI programs nationwide and by extension, globally. 
